This study estimates the Japanese money demand function by household using seasonally adjusted panel data following Fujiki and Mulligan (1996a, b). The most plausible estimates of the income elasticity of money demand are in the range from 1.28 to 1.35 for the period from 1990 to 1995. These results are robust with respect to the choice of scale variables, and consistent with the estimates based on seasonally unadjusted monthly data and annual data. The stable relationship obtained from regional panel data provides useful information with which to judge the stability of the money demand function for the central bankers.
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Introduction
The stability of the money demand function is an important subject for investigation. For policy makers, the stable income elasticity of money demand is a key condition for the success of monetary policy based on monetary targets. For academic researchers, the quantification of the long run relationship between money and nominal income through the newly developed time series econometric techniques has been one of the most challenging fields of study. Although there are many studies on the Japanese money demand function, Sekine (1997) concludes that the the stability of Japanese M2+CDs demand function is still an open question. For example, Miyao (1996) shows that the stability of the money demand function is not supported by econometric estimates based on the idea of cointegration. However, it is not easy to classify Japanese macroeconomic variables including M2+CDs and real GDP into I(0) variables and I(1) variables. This is because most Japanese macro-economic variables have structural breaks in the early 1970s as Soejima (1995 Soejima ( , 1996 has shown. In addition, practically, it is difficult to make a good seasonal adjustment for recent data, simply because we lack information about the seasonality in the most recent year. Those considerations suggest that it would be valuable to have some other ways to judge the stability of the money demand function.
Following Fujiki and Mulligan (1996b) , this study uses regional monthly data from consumption and deposit surveys performed by major Japanese banks to estimate the income elasticity of demand for money by households through cross-sectional regression. While restricting our attention to the demand for money by households, the cross-sectional money demand function can be estimated every month. It is interesting to check the stability of the cross-sectional monthly money demand function over time, since the stability of the aggregate money demand function is 2 still an open question.
Estimates of the income elasticity of money demand obtained from regional monthly data are in the range from 1.28 to 1.35 during the period from 1990 to 1995. These results are robust with respect to the choice of scale variables for the money demand function. Moreover, these results are broadly consistent with the results using seasonally unadjusted data and annual data. Thus, the stable relationship obtained from the panel of monthly cross-sectional data might provide useful information with which to judge the stability of the money demand function. Note that the results reported in this paper are based on household data. Therefore, further investigation based on data obtained from firms will be necessary.
The organization of this paper is as follows. Section 2 briefly summarizes the model proposed by Fujiki and Mulligan (1996a) and discusses why cross-sectional data is useful in the estimation of the money demand function. Readers can find a literature review on the Japanese money demand function in Sekine (1997) . Section 3 explains the data set. Section 4 reports the results of regression analysis. Section 5 concludes the paper. Fujiki and Mulligan (1996a) show that a parametric model for production by households leads to a conventional log linear money demand function which depends on real income, the interest rate and some prices. Specifically, they suppose that a household i produces output y using input x 1 and transaction service T according to the production function shown in equation ( 1 ):
Theoretical model
where λ f and other Greek letters are the parameters of a CES production function, subscript i means household i, and subscript t means time t. Transaction service T is produced according to the following production function:
where m is the real money balance, x 3 is an input into the production of transaction service, A
shows the level of technology, and other Greek letters are parameters of the production function.
Household i's choice of m, x 1 , and x 3 for period t will be determined by minimizing the rental cost of producing output y subject to production functions ( 1 ) and ( 2 ), where the rental cost r is:
q 1 and q 3 represent the rental cost of x 1 and x 3 , and R is the opportunity cost of money.
Minimizing equation ( 3 ) subject to equations ( 1 ) and ( 2 ) will yield the derived demand for money m, inputs x 1 and x 3 as a function of y, R, q 1 and q 3 . However, the derived demand for money obtained in this way is not useful for the sake of empirical analysis because household production, y, is unobservable. Therefore, we first plug the derived demand functions for m, x 1 and x 3 into the right hand side of equation ( 3 ) to express rental cost r as a function of y, R, q 1 and q 3 . By inverting this cost function, we can express output y as a function of r, R, q 1 and q 3 .
Using this relationship, we can eliminate output y from the derived demand for money. With an additional assumption that the cost (i.e., expenditure) of a household is equal to the income of a household, we obtain the money demand function of a household as a function of income and the 4 prices of inputs, but independent of y:
where I it is the household income, which is assumed to be equal to r it .
Suppose further that the input prices and the transaction technology follow the log normal distribution such that: 
( 6 )
In summary, under the parametric production function model, the income and interest rate elasticities of the money demand function are equal to the structural parameters of the household production function. Moreover, the income and interest rate elasticities of the money demand function obtained from individual relationships are invariant to aggregation over households.
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Therefore, we can directly compare the empirical estimates obtained from individual data with those obtained from aggregate data. This means that the study using micro data can provide some macro-economic policy implication for policy makers.
The obvious problem in estimating equation ( 4 ) is that we do not have good proxies for A, q 1 or q 3 . However, suppose that in Japan, all households have fairly equal access to financial technology following Fujiki and Mulligan (1996b) . At least we may safely assume that A, q 1 , q 3 and R are constant in a cross section of regions. Therefore, by regressing the real money balance on a constant term and real income cross sectionally, we can estimate the income elasticity of money demand even though we do not have good proxies for A, q 1 , or q 3 , because those variables are absorbed into the constant term. Thus, the results obtained from cross-sectional monthly data will arguably provide useful information for the conduct of monetary policy.
Data
Regional data for personal deposit
Data on outstanding individual deposits at the end of each month in "all banks" by prefecture are Consumption is also a relevant scale variable since we have derived equation ( 4 ) under the assumption that income equals expenditure, however, this assumption may not hold. Moreover, since we will use data on the sum of demand deposits and time deposits held by the individual, one might think that wealth is the relevant scale variable. Since the Annual Report on the Family Income and Expenditure Survey only reports the changes in the financial wealth rather than the stock of financial wealth held by families, we might regard consumption as a proxy for wealth based on the permanent income hypothesis. 4 Monthly regional data on the amount of deposit in the post office are unavailable.
5 The Annual Report on the Family Income and Expenditure Survey also reports the pre-tax income of households.
For the case of worker households, it is common that the taxes on wage earnings, which make up the majority of their earnings, are deducted before payment. Hence it seems to be more natural to regard the disposable income as a relevant scale variable. 8
Conditioning variables
It is important to control for the level of financial technology and the price of inputs in each region when estimating equation ( 4 ). To this end, we introduce population density (hereafter PD) as a conditioning variable following Fujiki and Mulligan (1996b) . Population changes only gradually, but picks up some important information about the degree of urbanization. Hence we expect that PD will be useful to capture the differences in the financial technology and prices of inputs. We also introduce data on the number of branches of all banks per capita in each region (hereafter Branch). Remember, we are using data collected from "all banks" which used to have
been allowed to open branches intensively in urban areas by the Japanese Ministry of Finance. It is possible that such banks have better financial technology than the local financial institutions.
Therefore, the Branch variable might be a good proxy for the level of financial technology in each region. 
Seasonal adjustment
It is well known that Japanese monthly household disposable income and consumption show strong seasonal fluctuation in June and December due to "bonus" payments. Therefore, before moving on to the regression analysis, we compute seasonally adjusted series of regional CPI, nominal income, nominal consumption, and MMFP via the X-12-ARIMA procedure. We use the 6 Population statistics are reported once a year, on October 1. We transform the annual data into monthly data using a linear extrapolation formula to interpolate the missing observations other than October. We add up the monthly population of each prefecture to construct monthly regional population data. We apply the same procedure to 9 "Final trend component of seasonally adjusted data" computed by the X-12-ARIMA procedure, which takes out of irregular component of seasonally adjusted series. use the PD variables holding the population within a year constant (hereafter call this variable PD2), the difference between the estimates of income elasticities using PD and those using PD2 is only 0.00392 on average. The difference between the estimates of PD elasticities using PD and those using PD2 is 0.000879 on average.
11 decline in the middle of a boom. Somewhat unstable estimates of income elasticities during 1993 could be explained by unusual increases in incomes in the Shikoku, Okinawa, and Hokuriku regions, for which we do not have a good explanation.
We conjectured that some movement of income elasticities could be explained by the changes in the regional distribution of "all banks." Therefore, it may be possible to obtain more stable estimates of the income elasticity of money demand if we add the Branch variable into the set of conditioning variables. Figure 4 compares the income elasticities obtained using the crosssectional estimation with PD as the conditioning variable with those including both PD and Branch.
By adding the Branch variable, we obtain slightly larger income elasticities compared with the estimates conditioned only on PD during the periods from 1989 to 1990, and they are significantly different from zero as conjectured.
Pooling estimation
Next we test the robustness of the income elasticities estimates using panel data. We pool all of the data available, add aggregate time dummies, and then make the sample periods shorter. We do not intend to conduct an analysis based on the dynamic model of money demand shown in Fujiki and Mulligan (1996a) . Table 2 shows the estimates of income elasticities and PD elasticities using various sample periods, although the estimates of time dummies are not reported. Observe that the income elasticities are pretty stable around the range from 1.19 to 1.35. We test whether the restrictions of holding both income elasticities and PD elasticities constant over the sample period are justified using the F-test. As can be seen in the fifth column in Table 2 , based on post-1989 data, we could not reject the null hypothesis that both income elasticities and PD elasticities are constant over time, and we may safely conclude that the income elasticities take values between 1.27 and 1.35. The results are consistent with the results obtained by Fujiki and Mulligan (1996b) , which find that the plausible range of the income elasticity of money demand is 1.2-1.4 based on crosssectional estimation using annual prefecture data which are close to M2 minus currency. Table 3 reports the results of pooling regressions holding PD and Branch constant, and as expected, the estimates of income elasticities take values between 1.33 and 1.45. However, the p-values of the F-test show that pooling estimation is valid only after 1992.
Now let us include R instead of aggregate time dummies as an additional explanatory variable in equation ( 4 ). We originally included time dummies hoping that they would capture the effect of
A, q 1 , q 3 and R altogether in equation ( 4 ). Once we include R (here we use the overnight call rate, collateralized), it is impossible to add time dummies simultaneously. However, if R, q 1 , and q 3 are not correlated and both q 1 and q 3 are constant, then the choice of R and the time dummies
should not affect the results of estimation so much. Note that we also add a dummy variable that takes the value of one after April 1989 for each region to take care of the effect of exogenous changes in the MMFP statistics due to the changes in the definition of "all banks". Table 4 reports the results of pooling regression. Observe that after 1990, the results reported in Table 4 and Table 2 are almost identical with respect to the estimates of income elasticities and PD elasticities of money demand. The results strongly support our view that cross-sectional data can be used to estimate the income elasticity of money demand.
Some readers might wonder why we do not report results obtained from a fixed-effects model.
Indeed, Mulligan and Sala-i-Martin (1992) argue that if there are differences in the financial sophistication of banks, and the structure of banking industries and the levels of prices among 13 regions are persistent, fixed regional effects should adequately reflect the difference. Since the structure of the Japanese banking industry has been fairly stable due to regulation by the Ministry of Finance, the use of a fixed-effects model might make sense. However, note that it is well known that fixed-effects estimators tend to pick up short run dynamics of the data. Moreover, we are using aggregate data on deposits on the one hand and the household survey for income on the other, hence, strictly speaking, income is not correctly measured. In the presence of measurement errors in the explanatory variables, a fixed-effects estimator will bias the estimator downward as Mairesse (1990) has shown. 9 Therefore, we would like to put aside the fixedeffects model since we are more interested in the long run behavior of money demand for the sake of policy recommendations. 
Choice of scale variables
Consumption might be a relevant scale variable in equation ( 4 ) if the assumption that income equals expenditure does not hold, or if the wealth effect is important as Sekine (1997) has stressed and consumption is a better proxy of permanent income than current income.
11 Figure 5 reports the results of cross-sectional regression using log(nominal consumption per capita/CPI) instead of log(nominal disposable income per capita/CPI) together with PD. The thick solid line shows the 9 We obtain negative estimates of the income elasticity of money demand when we include the set of fixed regional effects as an additional explanatory variable. 10 Using the sample periods of 1990-1995, the consistent estimator with respect to the random measurement error suggested by Gliliches and Hausman (1984) yields an estimate of income elasticity of 0.277 (s.e. = 0.023).
11 From the theoretical viewpoint, Lucas (1988) shows that money demand is a function of consumption in a cashin-advance economy. Empirically, Mankiw and Summers (1986) point out that consumption is a better scale estimates of consumption elasticities of money demand, and the thin solid line shows the estimates of income elasticities of money demand shown in Figure 2 . The two dashed lines in the figure are upper and lower bounds on estimates of the consumption elasticities of money demand. Those two series of estimates are almost identical. Table 5 reports the pooling estimates of consumption elasticities and PD elasticities using various sample periods, although the estimates of time effects are not reported. Observe that the consumption elasticities are fairly stable around the range from 1.15 to 1.41. We test whether the restriction of holding consumption elasticities and PD elasticities over the sample period constant are justified or not by with a standard F-test.
As can be seen in the fifth column in Table 5 , we find that based on post-1989 data, we could not reject the null hypothesis that consumption elasticities and PD elasticities are constant. The results suggest that we do not have to worry about the validity of assumptions that income equals expenditure in order to derive equation ( 4 ), because the results obtained using two scale variables are almost identical.
Consistency based on seasonally unadjusted data
So far we have conducted our research using seasonally adjusted data. However, if we are interested in cross-sectional variation alone, we do not have to use seasonally adjusted data.
Moreover, one may be skeptical about the X-12-ARIMA procedure. In this section we use seasonally unadjusted data and see to what extent our original results are sensitive to the seasonal adjustment.
variable because it reflects permanent income more accurately than income does using U.S. time-series data. Figure 6 compares the estimates of income elasticities of money demand holding PD constant using seasonally adjusted data with those using seasonally unadjusted data. As can be seen from Figure 6 , the estimates using seasonally adjusted data smoothly pass through the estimates using seasonally unadjusted data. Table 6 shows the average elasticities in each month during the period from January 1985 to December 1995. We find that income elasticities in July and
December are relatively smaller, and the constant terms in those two months are apparently larger.
We compute the trend components of seasonally adjusted series of income elasticities obtained from regressions using the seasonally unadjusted data shown in Figure 6 by the X-12-ARIMA procedure. Figure 7 compares this series (solid line) with the estimates of income elasticities obtained from the seasonally adjusted series (dashed line). Surprisingly, those two series are quite similar except for a few cases. This implies that if a policy maker is interested in the trend components of the income elasticity of money demand, he or she should estimate the crosssectional money demand function using seasonally unadjusted data and compute seasonally adjusted series of income elasticity obtained from that series. He or she should not worry about obtaining accurate seasonally adjusted series of income, money and CPI for each region anymore.
The results are potentially very good news for policy makers since they will substantially reduce the burden of the estimating money demand function.
Consistency based on annual data
In order to check the robustness of our results, we compare them with results obtained from annual data. Prefecture employee income statistics compiled by the Economic Planning Agency of Japan for each fiscal year provide a good counterpart to our monthly scale variable, i.e., disposable income, because we have analyzed worker households so far. We use employee income deflated by the gross prefecture expenditure deflator during the period from fiscal year 1985 to fiscal year 1993 along with PD and prefecture money data on individual deposits deflated by the gross prefecture expenditure deflator during the period from the end of fiscal year 1985 to fiscal year 1993. For the sake of comparison, we wish to make the analysis using the sample period of 1985-1995. However, the most recent data for prefecture income statistics is for fiscal year 1993. Since we are using annual data, prefecture data is available and we increase the number of cross-sectional units to 47. The results of estimation are reported in Table 7 . The sixth column of Table 7 shows the average of cross-sectional estimates of the income elasticities of money demand obtained from monthly data during each fiscal year. Except for fiscal years 1986, 1987 and 1991 , the magnitude of income elasticities obtained from annual data are close to their monthly counterpart. The PD variable is not a statistically significant explanatory variable in this case. However, we may safely conclude that the results obtained from monthly data are not away from the results obtained from annual data, thus our results obtained from the monthly data provide useful and timely information to guide the conduct of monetary policy, which presumably focuses on the long run properties of economic data.
Conclusion
The motivation for this study is to estimate some structural parameters of the money demand function from cross-sectional monthly data. Our monthly cross-sectional data yield fairly stable estimates of the income elasticities of money demand after 1991. The results are broadly consistent with the results obtained from annual data, and very similar to those obtained from the analysis 17 using consumption as a scale variable. Regarding the results obtained from seasonally unadjusted data, we do observe seasonal fluctuation in the money demand functions in each month, but the seasonal cycles seem to be clear. We admit that the standard errors of the cross-sectional estimates of income elasticities are so large that it is hard to argue that those income elasticities are useful for the sake of forecasting. However, those results suggest that cross-sectional data can be used to judge trends of the income elasticity of money demand by households. The obvious drawback of this study is that we use household data. We need to study the demand for money by firms in Japan further, as Mulligan (1997) did in the U.S. Year 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 39.0 38.9 39.1 39.7 39.7 40.6 41.9 40.7 39.4 39.2 38.6 Community Banks 11.7 11.6 11.6 11.6 11.7 11.9 12.1 11.7 11.7 11.6 11.5 Credit Cooeratives 3.1 3.0 3.0 2.9 3.0 3.0 3.1 3.1 3.1 3.1 3.0 Note: The F-value tests the null hypothesis that the income elasticity and PD elasticity are constant over time. The p-value shows the probability that the null hypothesis is rejected. Note: The F-value tests null hypothesis that the income elasticity, Branch elasticity and PD elasticity are constant over time. The p-value shows the probability that the null hypothesis is rejected. Note: The F-value tests the null hypothesis that the consumption elasticity and PD elasticity are constant over time. The p-value shows the probability that the null hypothesis is rejected. 
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